INTRODUCTION
The carbon of fossil fuels is depleted in •3C with respect to atmospheric CO2 [Tans, 1981] . Therefore, an increase in concentration of atmospheric CO2 brought about by fuel combustion will be accompanied by a year to year decrease in •3C/•2C ratio of the CO2. Isotopic exchange with the oceans reduces the rate of this isotopic shift with concentration to about one third of what would occur if all fossil fuel CO2 remained airborne [Keeling et al., 1980] . A precise knowledge of the actual shift may add to our understanding of the global carbon cycle, because the activity of the land biosphere also affects atmospheric CO2, but with a different isotopic shift for a given change in atmospheric CO2 concentration. The possible isotopic shifts are slight, however, and only very precise measurements over a decade or more will permit a discrimination to be made between long-term oceanic and biospheric effects [Keeling et al., 1980] . The present study extends our previous measurements [Keeling et al., 1979 ] to 4 years in both hemispheres and thus long enough to indicate the feasibility of obtaining precise long-term records but still too short to provide definitive answers. water vapor by fractional sublimation at dry ice temperature, and the resulting gas is transferred to a sample tube for shipment to the Isotopic Physics Laboratory in Groningen. The apparatus and procedures for extraction of CO2 follow closely those used by Keeling [1958 Keeling [ , 1961 in an earlier study of the isotopic composition of atmospheric CO2. In the case of the samples collected at the South Pole, the contents of two flasks are extracted together because too little gas remains in a single flask for mass spectrometric analysis. Otherwise, individual flask samples are extracted.
Two types of stopcocks have been used as closures for the small isotopic sample tubes used to ship samples to Groningen. At the beginning of the study, pyrex glass vials closed off with a 4-mm bore ground glass stopcock were used. These were lubricated in the normal fashion with Apiezon-N high vacuum grease. Later on, these were replaced with vials having high vacuum O-ring stopcocks with a 9-mm orifice (manufactured by Louwers Hapert B.V., The Netherlands). The O-rings are very slightly greased with Apiezon-N. The vacuum properties of the newer vials are comparable to those having glass stopcocks, with the additional advantages of a low pumping resistance and ease in opening and closing. Ac- Tests with pure CO2 indicated no changes in •3C/•2C ratio in samples stored in the O-ring sample tubes for 1 year. This result is consistent with our earlier experience with glass stopcock sample tubes, which also showed no isotopic changes on storage. The CO2 gas, stored in sample tubes, was shipped in groups of 20-40 tubes to the Groningen Laboratory. The shipments were numbered consecutively. The storage time between extraction and isotopic analysis usually was between 1 and 3 months, but occasionally was as short as 20 days or as long as 6« months.
The mass spectrometric analyses were carried out in the Groningen laboratory by using a VG micromass 903 spectrometer. Corrections for the abundance of •70 have been applied by using procedures described by Mook and Grootes [1973] . Usually all samples in a given shipment were analyzed in a batch. We designate these groups of analyses by "isotopic analysis group numbers" corresponding to the shipment numbers.
In many cases the samples were also analyzed for N:O on separate aliquots withdrawn from the flasks before extraction of the CO:. These analyses, carried out by gas chroma- The concentration and 6 x3 data of Tables 1-5 concentration is seen to be reflected in the 6 x3 data at the four northern hemisphere stations. At the South Pole, no seasonal variation in 6 x3 is evident, but a long-term trend toward more negative 6 x3 is discernable. A long-term trend in 6 x3 is also vaguely apparent in the locus of points at two other stations having long records (La Jolla and Fanning Island). Replicate sampling at La Jolla (see Table 1 ) indicates that oxygen isotopic data in per mil scatter 3 times as much as the carbon data. This larger scatter is partly due to the performance of the mass spectrometer but may also be a result of isotopic exchange with water absorbed on the walls of the 5 1 flasks during storage as air samples or isotopic exchange during or after extraction. On one occasion, during conditions of fairly low relative humidity (65%), two samples of air were extracted within 42 and 47 min of sampling to test the possibility of exchange during storage (January 25, 1979, see Table  1 
Numbers in parentheses are standard errors of the parameter listed immediately above. In equations (1) and (3) 
6t. XR•3(t) = p' + q't (9)
where p' and q' are new constants determined by the new fit.
Steps (4), (6), (8), and (9) were now repeated, substituting for q in (4) q' from (9). The calculated parameters converge rapidly, so that three successive iterations were usually sufficient. For the shorter isotopic records at Mauna Loa and Cape Kumukahi we ran six iterations to assure convergence.
RESULTS OF TREND ANALYSIS
The coefficients obtained from the above described analysis are listed in Table 6 The seasonal variation in •TR x3 at any given location correlates closely with the detrended CO2 concentration, C•TR. Indeed, the standard errors of estimate based on (5) (see Table  6 ) are so close to the analysis error found from replicate analyses of La Jolla samples (0.04%0, see Table 1 ) that the only important seasonal parameter to be deduced from the data is the inferred isotopic ratio of the CO: added to and withdrawn from the atmosphere during the seasonal cycle. 12  24  36  48  60  72   ;  ,  ,  , Cape Kumukahi furnishes additional isotopic data near 20øN, but the data appear to be biased. The CO2 concentration there is consistently higher than at the nearby •'6 •3 from equation (3).
:l:Assumed to be the same as at Mauna Loa Observatory. See text. Shipboard samples collected on the FGGE expedition also suggest that the samples collected at Cape Kumukahi are contaminated, but to a lesser extent since the shipboard data, referred to January 1, 1980, are 0.20 ppm higher than the corresponding concentrations for Mauna Loa Observatory. Also, the FGGE data suggest that the concentration data for Fanning Island are on average too high by 0.54 ppm. Since these FGGE expedition data offer considerable additional information to establish the north-south trend in atmospheric CO•_, we defer further discussion of this topic until the FGGE data can be closely examined in another article. We also defer a reassessment of the secular change in r5 •3 since A.D. 
